Background: Percutaneous catheter drainage (PCD) therapy is an important treatment for severe acute pancreatitis. Objectives: The purpose of this retrospective study was to analyze the relevant risk factors of computed tomography (CT) guided PCD during the treatment of infected pancreatic necrosis (IPN) in severe acute pancreatitis. Patients and Methods: This is a retrospective study. From January 2013 to November 2016, 162 patients suffering from severe acute pancreatitis with IPN were assessed using CT-guided PCD. Abdominal CT scan was performed for the patients. The interventional therapist chose the location and puncture according to the image. Depending on the efficacy and process of the treatment, these patients were divided into a PCD success treatment group and a PCD combined with surgery group. Factors affecting the success of PCD treatment were analyzed by logistic regression analysis. Results: Among the 162 cases, 71 cases (43.82%) were in the PCD success group and 91 cases (56.17%) were in the PCD combined with surgery group. Through the course of treatment, CT values of piercing zone, acute physiology and chronic health evaluation II (APACHEII) scores and modified CT severity index (MCTSI) scores showed statistically significant correlation with the therapeutic effect of PCD under CT guidance. A further multivariate analysis found that the CT value of puncture area is the best predictor for efficacy and when the CT value got higher the PCD efficacy would become lower. We performed further analysis of the factors associated with the average CT value in the puncture area which was higher than 20 Hounsfield unit (HU), and found that the length of time from patient admission to drainage, APACHEII scores, MCTSI scores and C reactive protein (CRP) levels were risk factors for PCD treatment efficacy. Conclusion: CT values of piercing zone is the major risk factor affecting the curative effect of CT guidance PCD. For patients with higher CT values in the puncture area, the longer time from patient admission to drainage, the higher APACHEII scores and MCTSI scores. Higher levels of C reactive protein seem to lower the curative effect.
Background
Acute pancreatitis (AP) is a common clinical disease demonstrating acute abdominal symptoms. During the course of the disease, pancreatic enzymes are activated and the pancreatic tissue is corroded. In 2013, the international pancreatitis research institutions revised the Atlanta classification. Pancreatitis can be divided into mild pancreatitis, moderately severe pancreatitis and severe pancreatitis. The mild acute pancreatitis is self-limiting. Moderately severe acute pancreatitis can cause brief organ failure, which is easy to correct and the mortality is lower. Severe acute pancreatitis is more dangerous and can be accompanied by many complications such as intraabdominal hypertension (IAH). IAH can cause a series of pathophysiological changes in the body and damage the respiratory system, circulatory system and urinary system, even leading to abdominal compartment syndrome (ACS) (1) .
Although the diagnostic and treatment technology for AP has developed rapidly, the prognosis of acute severe pancreatitis is still poor. A debridement surgery performed too early for necrotizing pancreatitis can aggravate the symptoms. The trauma from laparotomy is bigger, in which the incidence of postoperative complications is approximately 34% -95% and the mortality is up to 11% -39% (2) (3) (4) (5) .
Infected pancreatic necrosis (IPN) accounts for 33% of necrotizing pancreatitis (6) . The mortality in patients with Copyright IPN is about 32% (7) . In recent years, a consensus has been basically reached as to the timing of IPN treatment. It is generally believed that the surgical intervention should be performed about 4 weeks after the onset of the symptoms (8, 9) . The "step-up" method is an emerging treatment concept. Percutaneous catheter drainage (PCD) usually takes a small incision on the surface of the body, and then goes retrograde into the lesion along the insertion path, and then the necrotic tissue is removed. Because of the small trauma and easy operation, it is usually used as the initial treatment for IPN (10) (11) (12) (13) . Many studies have reported the superiority of PCD to necrosectomy (14) (15) (16) (17) (18) (19) (20) . Some scholars reported that during the treatment of patients with IPN, PCD has cured a considerable number of patients without the need for removal of necrotic tissue by operation (13) . Sometimes PCD is used as a transitional measure, while an effective antibiotic therapy can delay the surgical time for patients requiring necrotic tissue removal. In addition, PCD is a mature technology. It is simple and requires less intensive care compared with traditional debridement surgery. The probability of developing complications is lower and it can reduce the fatality rate significantly. It can also be a "guide" for subsequent treatment and save surgery time.
But more study is needed regarding PCD treatment of IPN. For example, when IPN occurs, what types of patients are suitable for PCD treatment and what factors can be used to predict the therapeutic effect of PCD? These kinds of questions are becoming more important recently.
Objectives
The purpose of this study was to discuss the indicators related to the efficacy of abdominal puncture drainage under CT guidance in patients with acute and severe pancreatitis necrosis tissue infection. To the best of our knowledge, this is the first time that the factors for patients with CT values greater than 20 HU in the puncture area have been analyzed.
Patients and Methods

Individual Patient Data
This was a retrospective study. The institutional review board in our unit approved this retrospective study with a waiver of informed consent. From January 2013 to November 2016, 162 IPN patients treated with PCD under CT guidance were included in this study. Among them, 92 were male and 70 were female. Etiological classification of patients included 51 cases of cholelithiasis, nine cases of alcoholic pancreatitis, and 11 cases of hyperlipidemia. IPN was confirmed by radiographic examination and the bacterial culture of pancreatic necrotic tissue.
In view of IPN, all patients received no other operation or drainage surgery before the PCD treatment. Depending on the treatment efficacy, 162 patients with severe acute pancreatitis (SAP) were divided into the PCD success treatment group (n = 71) and the PCD+ surgery group (n = 91).
The Treatment of Puncture Drainage Under CT Guidance
When necrotic pancreatitis and secondary infection was confirmed for the patient, and there was no improvement in the patient's physical condition after conservative treatment or there was even deterioration, PCD treatment was considered. For patients who did not improve after conservative treatment and had no significant deterioration, we usually undergo PCD treatment in about 3 to 4 weeks. Abdominal CT scan or enhanced scan was performed on the patients to find out the location of the focal pancreatic necrosis or fluid and the distance from the surrounding vital organs and large blood vessels. Before treatment, UV disinfection and aseptic treatment were carried out in the CT room. First, progression of pancreatitis was observed by CT plain scan. According to the image, the radiologist and the interventional therapist come to an agreement to find the location and puncture according to the image. Subsequently, body piercing points were selected in the area that was nearest to the drainage area. The best path was chosen through the lateral abdominal wall, the anterior abdominal wall or the posterior abdominal wall. Using puncture and catheter based on a Seldinger puncture technology, Echo 18G puncture needle (Cook Corporation, China) was entered into the area around the pancreas and placed into the drainage tube above 14F. Liquid from the necrotic tissue was immediately drawn for bacterial culture. The whole process of puncture was about 20 minutes. Radiation dose accepted by 162 patients due to CT positioning in puncture process ranged between 20.51 mGy and 25.65 mGy. To prevent drainage pipe blockage, the drainage pipe was flushed every 4 -8 hours with sterile saline. Each time, as much flush as possible was drawn out of the solid necrotic tissue. After 72 hours of PCD treatment, the drainage efficacy was evaluated based on the assessment of the general situation, the whole abdominal CT scan and the amount of drainage fluid. The standard for clinical improvement was consistent with pancreatitis, necrosectomy versus step-up approach (PANTER) related research (21) . If the general situation gradually improved, at least two organs would show improvement (such as the circulatory system, the lungs and the kidneys) or two of three parameters (C reactive protein, white blood cells or body temperature) representing improvement of the infection. Flushing through the puncture drainage tube was continued. PCD was done three or more times for some patients on an as-needed basis. If the general physical condition gradually improved, effective flushing through the 2
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puncture drainage tube was continued and multiple operations of CT-guided PCD were performed when necessary. We pulled out the tube and stopped using antibiotics when the volume of drainage was < 10 mL for seven consecutive days, or if the CT demonstrated the vomica significantly shrank or disappeared, or if the patients showed no signs of infection such as fever and abdominal pain, or if the blood profile and calcitonin original were normal. At this point, the patient was discharged from the hospital and referred to outpatient follow-ups. These patients were included in the PCD success group.
Indicator Monitoring
Gender, age, body mass index (BMI), acute physiology and chronic health evaluation (APACHEII) scores, c-reactive protein, the CT value of piercing zone, modified CT severity index (MCTSI) scores, the length of time from patient admission to drainage, and the number of tubes were recorded as observation index.
The CT value of the puncture areas was measured in the abdominal CT image by calculating the mean value of CT within the range of 10cm diameter using the distal end of the puncture drainage tube as the center.
Statistical Analysis
All statistical analyses were performed with statistical software SPSS statistics for Windows version 17.0 (SPSS Inc., Chicago, Il, USA). The data were in accordance with the normal distribution and the mean value was used. Differences in the different variables of patients were estimated using the χ 2 test for categorical data and paired-sample t-test for continuous variables. Influencing factors were analyzed using a logistic regression analysis and P < 0.05 indicated statistical significance.
Results
Treatment Results
Overall, 162 patients with AP were included in this study. Among those patients, 92 were male and 70 were female, who were 18 to 75 years old and the mean age was 60.2 ± 7.8 years. Seventy-one patients were treated successfully by PCD, while 91 cases showed no remission after PCD treatment and resorted to surgery or laparoscopic surgery. These patients were included in the PCD+ surgery group. The mortality in the PCD+ surgery group was 10.7%. The mortality of the PCD group was 0%. The success rate of PCD treatment was 43.82%.
General Conditions of Patients
There was no significant difference in terms of age, sex, BMI, coexisting diseases, disease severity or organ failure between the two groups ( Table 1) .
Comparison of the Therapeutic Effect of Two Groups of Patients
There was a significant statistical difference between the two groups in terms of the time of C reactive protein (CRP) returning to normal, the time of hospitalization, mortality and post treatment complications between the two groups (P < 0.05) ( Table 2) .
Analysis of Factors Influencing the Clinical Efficacy
Univariate analysis was performed for each observation indicators during the course of treatment. The results showed that the CT value of the puncture area, APACHEII scores and MCTSI scores were related to the therapeutic efficacy (P < 0.05). The multivariate analysis showed that the CT value of puncture area was the most significant factor with P < 0.001 and HR was 11.785 (Table 3) .
Factors Influencing the Clinical Efficacy with Higher CT Density
We performed further analysis of the factors associated with higher CT density in the puncture area. Some researchers have concluded that when the CT value is less than 20 HU, the proportion of the liquid necrosis component is higher than that of the solid necrosis component (11) , therefore, in this study, the patients with an average density higher than 20 HU in the CT puncture zone underwent univariate and multivariate analysis. The results showed that the length of time from patient admission to drainage, APACHEII scores, MCTSI scores and C reactive protein levels were significant factors for PCD treatment (Table  4 ).
Discussion
There are two important new findings in our study. First, the CT values of the piercing zone is the major risk factor affecting the curative effect of CT guidance PCD. Second, when the average CT density is higher than 20 HU, PCD treatment under CT guidance should be performed as soon as possible in order to avoid multiple organ failures or death in the acute stage as well as to avoid a prolonged period of infection.
SAP is a complicated and dangerous condition with a high fatality rate. Past practices have shown that early surgery, debridement surgery and multiple surgeries can increase the incidence of postoperative complications (22) . The International Association of Pancreatology (IAP) and the American Pancreatic Association (APA) recommend that the first best treatment for suspected or confirmed pancreatic necrosis should be PCD, and if necessary, followed by endoscopic or debridement operations on the necrotic tissue. The step-up method has been widely recognized (21, 23) . PCD is the initial step of the step-up method and is the core of the entire treatment. Some reports have demonstrated significant difference in terms of the success rate in PCD treatment of IPN (23) . A retrospective study conducted by Sileikis et al. concluded that stepup approach is not always effective for patients with multiple organ failure, which is only about 50% success rate, and they suggest that surgery should not be delayed for more than one month (24) .
In our research, we found that the patients who were successfully treated by PCD were shorter in hospital time and CRP recovery time than those who had PCD combined surgery. We also found that the mortality rate was low, and the incidence of postoperative multiple organ failure was low. So, are there any factors that can predict the effect of PCD before treatment? Are there any measures that can improve the success rate of PCD therapy? It is mainly due to the different body status, the duration of IPN and the degree of necrosis liquefaction in different patients. These factors may significantly influence the successful rate of PCD treatment. The current international guidelines do not provide specific guidance regarding PCD treatment in the step-up regimen (8, 25) , there is no uniform consensus in terms of which factors will affect the efficacy of PCD treatment.
PCD treatment can remove the necrotic materials while draining the effusion at the same time (26, 27) , and solid materials can be drawn from tissues of IPN. However, before the PCD operation, we could predict the proportions of solid and liquid materials by observing the average CT density in the pre-piercing zone on the CT scanning image. This time we mainly study and analyze the treatment of IPN under the guidance of CT. Spiral CT collects the volume data, can carry on the three-dimensional and Abbreviations: APACHE II, acute physiology and chronic health evaluation; CRP, C reactive protein; d, days; HR, hazard ratio; HU, Hounsfield unit; MCTIS, modified CT severity index; PCD, percutaneous catheter drainage; y, years multi-directional observation, the location is accurate, and the guide puncture is more precise. According to the diagnostic criteria of the Atlanta conference in 1992, (1) infective pancreatic necrosis must have solid sphacelus components, but not completely liquefied solid sphacelus had higher CT values, similar to soft tissue density. Therefore, a higher value of CT density average indicates a higher content of solid necrosis or blood clot. These results showed that when the average CT value was higher, the chance of PCD failure was also higher, accompanied by a lower cure rate. In our study, only 35.2% of patients in the PCD success group had a CT value greater than 20 HU in the puncture area. (Figures 1 and 2) .These results were consistent with the results from Tong et al.'s research (11) .
In 2004, Mortele et al. suggested that the SAP computed tomography severity index, namely MCTSI, reflected organ failure situation and pancreatic complications, as shown by the amount of effusion. The range of pancreatic necrosis was reduced to less than 30% and more than 30%. In MCTSI, the non-pancreas complications were also considered, including peri-pancreatic blood vessel invasion and gastrointestinal tract invasion. Recent studies con-6
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Our study found that APACHE II was also one of the independent risk factors for PCD efficacy. In addition, the length of time from patient admission to drainage is important for the success of the treatment. A team of researchers suggested that if there was no technical difficulty, PCD should be performed relatively early to reduce the incidence of complications and to shorten the length of hospital stay (29) . The authors evaluated the positive and conventional PCD treatment in patients with infectious necrotizing pancreatitis, and found that an active PCD therapy can reduce the need for surgical necrosectomy (30) . PCD treatment was less effective in patients with a higher CT value in the puncture area, but what factors could reflect the efficacy of the treatment on a deeper level? In our study, we analyzed the patients who had a CT value greater than 20 HU in the puncture area and were successful in the PCD treatment, about 12% of patients received PCD treatment in more than 14 days and most patients (60%) were treated with PCD between 9 days and 14 days. Our results suggested that the first PCD treatment should not be too late. This indicates that when CT images showed a large amount of exudation in the retroperitoneum and peritoneal cavity, the average CT density is higher. After conservative treatment, if the patient's condition did not improve, PCD treatment under CT guidance should be performed as soon as possible in order to avoid multiple organ failures or death in the acute stage as well as to avoid a prolonged period of infection. When the drainage does not smoothen, we can use a coarser drainage tube or a three-cavity lavage drainage tube promptly. In addition, multiple ports could be maintained for possible follow-up endoscopic removal of necrotic tissues.
CRP is a kind of acute reactive proteins synthesized by the liver. It is mainly produced during the inflammation and acts against the harmful effect of soluble protease released from the trauma and infection site (31, 32) . The increase of CRP is one of the acute phase reactions in the body when infection and injury occur (33, 34) . It is present in serum and reaches a peak level in 24 -48 hours after the onset of disease. Schutte and Malfertheiner (32) reported that CRP levels are proportional to the severity of AP. Furthermore, it has important clinical values regarding early disease diagnosis, complications and prognosis (35) . Our results showed that CRP is an independent risk factor in the PCD therapy and patients with a higher CRP level have a poor PCD efficacy.
This study is a single center retrospective analysis, so there may be some empiricism and blindness. Multicenter, prospective, randomized and controlled clinical trials with large sample sizes are required to determine the efficacy of PCD and relevant influencing factors in the future.
In conclusion, our study found that the average CT value from the infection of pancreatic necrotic tissue is a major risk factor for PCD treatment under CT guidance, and the higher the CT value, the higher possibility of treatment failure. The length of time from patient admission to drainage, APACHEII scores, MCTSI scores and C reactive protein levels should be evaluated comprehensively. We think that in patients with an average density higher than 20 HU in the CT puncture zone, PCD treatment should be performed as soon as possible.
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